Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant cancers, which is the second leading cause of tumor-related mortality worldwide. 1 Although there are still various therapeutic methods, such as surgical resection, radiotherapy, chemotherapy, and immunotherapy for HCC patients at present, the prognosis of HCC patients after surgical treatments remains poor because of high metastasis and recurrence in tumor progression. [2] [3] [4] [5] Thus, a sufficient and convenient biomarker will play an important role in monitoring tumor metastasis and recurrence in the prognosis of post-operative HCC patients, which may help clinicians to adjust and choose rational treatments in time so as to improve the survival time for post-operative HCC patients. It is essential to find a novel and potential biomarker for predicting tumor metastasis and recurrence in HCC patients after surgery.
The mechanism underlying high metastasis and recurrence in the progression of HCC is multifactorial and complex. 6 Liver damage, as a major factor in HCC progression, reflects the ratio of normal hepatic cells and tumor cells indicating metastasis and invasion. As the liver plays an important role in lipid and lipoprotein metabolism, the significant impairment of the hepatic function occurring during liver diseases, such as HCC, can influence plasma lipoprotein profiles. Since the liver is the organ that synthesizes lipoprotein (a) (Lp(a)), reduced levels of Lp(a) during liver diseases may be attributed to the relative decrease in the synthesis by a damaged liver. Serum Lp(a) levels in patients with liver diseases, induced by hepatitis viral infections, are significantly decreased when compared to healthy controls. Recent studies have shown that serum Lp(a) levels were significantly lower in HCC patients than healthy individuals, revealing that Lp(a) may contribute to a complete assessment and monitoring of the liver function in HCC patients. 7, 8 Lp(a) levels in chronic hepatitis C patients with 6 months of intramuscular interferon treatment significantly increased from baseline serum lipoprotein concentrations, representing improved liver functions of patients. Serum Lp(a) levels in HCC patients might be caused by HBV relating to long-term liver dysfunction, indicating the potential role of Lp(a) in predicting operative outcomes in HCC patients. [7] [8] [9] However, Lp(a) levels in tumor recurrence and metastasis of HCC patients have not yet been studied completely.
The purpose of this study was to investigate the prognostic significance of Lp(a) on the recurrence and overall survival (OS) time in HCC patients undergoing resection in two independent cohorts. We found that Lp(a) was a potential biomarker for predicting the prognosis of HCC patients undergoing resection.
Materials and methods study design
We recruited 172 HCC patients as a training cohort at Hubei Cancer Hospital, People's Republic of China, from June 2012 to July 2015, and 171 HCC patients as a validation cohort at Zhongnan Hospital, People's Republic of China, from January 2013 to December 2015 (Table 1 ). Serum samples of HCC patients and healthy controls were collected from Hubei Cancer Hospital under approval of the Institutional Review Board and Zhongnan Hospital of Wuhan University under the approval of Institutional Review Board. Written informed consent was obtained from all participants. HCC patients were defined using the data of biochemical assays and imaging scans, and their diagnosis was confirmed by histopathology according to the criteria of the American Association for the Study of Liver Diseases guidelines. Tumor size was defined using the diameter of the single largest lesion, and tumor stage was defined according to the TNM classification system established by the 2010 International Union Against Cancer. 10 Follow-up and tumor recurrence HCC patients were followed up after surgery until January 2016. Time to recurrence (TTR) was determined as the interval between the date of surgery and the date of diagnosed intrahepatic or extrahepatic recurrence. OS was determined as the interval between surgery and death, or the interval between surgery and the last observation. 
lp(a)
Serum samples of HCC patients were collected 2 days before surgery and stored at -80°C before analysis. The serum Lp(a) concentrations were determined using the Olympus AU5831 automated biochemistry analyzer (Olympus Corporation, Tokyo, Japan). The cutoff value of Lp(a) for predicting HCC recurrence in the training cohort was determined by X-tile 3.6.1 software (Yale University, New Haven, CT, USA).
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Results from X-tile analysis showed an optimal cutoff point for the Lp(a) of 20 mg/L in the training cohort ( Figure S1 ). Therefore, HCC patients were stratified into high (20 mg/L) or low (20 mg/L) Lp(a) groups in the study.
statistical analysis
Statistical analyses in the study were performed using SPSS 19.0 software (IBM Corporation, Armonk, NY, USA). Experimental values for continuous variables were expressed as the mean ± standard error of the mean. The chi-squared test, Fisher's exact probability tests, and the Student's t-tests were used to evaluate the significance of differences in data between groups. If variances within groups were not homogeneous, the nonparametric Mann-Whitney U test or the Wilcoxon signed-rank test was used. Kaplan-Meier curves and log-rank tests were used to analyze the relationships between serum Lp(a) levels and TTR and OS. P0.05 was considered statistically significant.
Results

Patient characteristics
There was no significant difference in clinicopathologic characteristics, including tumor size and vascular invasion (either micro or major) between the training cohort and the validation cohort. The training cohort included 172 HCC patients (150 males and 22 females), and the average age was 55.4±9.9 years. There were 84 HCC patients with recurrence and 45 HCC patients who died before the last follow-up. In the validation cohort, there were 141 male and 30 female HCC patients, with the average age of 56.6±10.5 years; 56 of the 171 HCC patients suffered recurrence after resection, and 23 of the 171 patients died before the last follow-up (Table 1) . Figure 1C ) in the validation cohort.
Prognostic value of lp(a) in the training cohort
The optimal cutoff value (20 mg/L) of Lp(a) was set so as to stratify HCC patients into low Lp(a) (20 mg/L) and high Lp(a) (20 mg/L) groups by using the X-tile 3.6.1 software ( Figure S1 ). 12 Our results showed that the low Lp(a) group of HCC patients had shorter TTR (P=0.009, Figure 2A ) and higher recurrence rates (70.37% vs 43.47%) compared with the high Lp(a) group. Furthermore, the low Lp(a) group of HCC patients had shorter OS (P=0.007, Figure 2B ) and higher death rates Table 2 ). There was no significant difference in clinicopathologic characteristics, including tumor size and vascular invasion (either micro or major) between the high and low Lp(a) groups. In the training cohort, HCC patients with low Lp(a) levels were more likely to have higher recurrence rates and death rates (P=0.025 and P=0.017, Table 3 ). The prognostic value of serum Lp(a) levels were further explored using an independent cohort of 171 HCC patients.
The results between the training cohort and validation cohort were similar (Table 1 ). The HCC patients in the low Lp(a) group had shorter TTR (P=0.005, Figure 2A ) and shorter OS (P=0.008, Figure 2B ) than those in the high Lp(a) group. Multivariate analysis demonstrated that the serum Lp(a) levels were also an independent indicator of TTR (HR, 0.43; 95% CI, 0.22-0.84; P=0.013; Table 2 ) and OS (HR, 0.35; 95% CI, 0.14-0.91; P=0.031; Table 2 ). There was also no significant Table 3 ).
The prognostic significance of Lp(a) for hcc patients with aFP 400 ng/ml and tumor size 5 cm subgroups
The prognostic significance of Lp(a) for AFP 400 ng/mL or tumor size 5 cm subgroups was further explored. We found that low Lp(a) levels significantly correlated with TTR and OS of HCC patients for the variables as follows: AFP 400 ng/mL for TTR (P=0.019, Figure 3A) ; tumor size 5 cm for TTR (P=0.011, Figure 3A) ; AFP 400 ng/ mL for OS (P=0.034, Figure 3B) ; and tumor size 5 cm for OS (P=0.021, Figure 3B ) in the training cohort. The prognostic significance for TTR and OS of HCC patients were maintained in AFP 400 ng/mL group (P=0.030 and P=0.022, respectively, Figure 3 ) and tumor size 5 cm group (P=0.025 and P=0.018, respectively, Figure 3 ) in the validation cohort.
Discussion
Metastasis and recurrence of tumor is a multiple-step procedure, which involves a large number of factors. Several studies have shown that the Lp(a) correlates with breast cancer and liver cancer, and low serum Lp(a) levels are 
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gao et al involved in tumorigenesis and tumor progression. Serum Lp(a) levels were found to be inversely proportional to tumor mass. 9, 13 Furthermore, Lp(a) levels were significantly lower in HCC patients than in the controls. 7, [14] [15] [16] Lp(a) may play a crucial role in controlling tumor growth and expansion as a competitive inhibitor of plasmin-induced proteolysis and through its adhesive properties to extracellular matrix components because of its unique structure. High Lp(a) levels may protect against tumors, which participate in mitigating extracellular matrix damage during cancer progression, in particular by inhibiting proteolytic processes characteristic of all types of cancer cells. 13, [17] [18] [19] [20] [21] [22] [23] All of these factors might suggest that Lp(a), as one of the major moleculars, affects tumor progression through modulating proteolytic processes during extracellular matrix damage. However, the value of serum Lp(a) in monitoring the recurrence and survival of HCC patients has not been investigated.
In our study, serum Lp(a) levels in HCC patients significantly decreased in comparison to those in healthy individuals. When analyzing the Lp(a) levels of HCC patients, we found that HCC patients with low serum Lp(a) levels had a higher recurrence rate and a higher death risk than HCC patients with high serum Lp(a) levels. Moreover, low serum Lp(a) levels were significantly associated with the TTR and OS of HCC patients and, in two independent cohorts, were an independent factor for predicting possible recurrence and survival time of HCC patients after surgery. These results suggest that Lp(a) plays an important role in the prognosis of HCC patients after surgery. Moreover, the measurement of Lp(a) is based on standard laboratory measurements, which are routinely performed in the clinical setting. Thus, there is a potential for Lp(a) to be used as a marker of tumor recurrence and treatment responsiveness surveillance, which might provide a powerful test, enabling accurate and early decision making to tailor the most effective therapy according to characteristics of individual HCC patient.
To date, it is still challenging to predict tumor recurrence in low recurrence risk HCC subgroups in clinical practice. Our study showed that preoperative Lp(a) levels retain their prognostic significance in low recurrence risk HCC patients whose conventional clinicopathological variables offer little information on predicting their prognosis. Up to now, AFP and tumor size have been the most extensively used biomarkers for assessing recurrence and surveillance of HCC patients. [24] [25] [26] Monitoring tumor recurrence in 30%-40% of HCC patients with low AFP levels or tumor size 5 cm is still difficult. 2, 26 Our study has shown that the serum Lp(a) level is a convenient and good tool for predicting recurrence and survival in HCC patients with low AFP levels or tumor size 5 cm. Detect ing Lp(a) levels would help clinicians identify risk of recurrence in HCC patients with low AFP levels or tumor size 5 cm.
Conclusion
In our study, we collected an independent cohort of HCC patients to validate the clinical utility of serum Lp(a) levels and found that the prognostic value in the training and validation cohorts was similar, indicating the reliability and universality of our results. However, there are still several limitations in the study. Some recognized factors, such as tumor number, tumor size, vascular invasion, and AFP, are not independent risk factors for TTR and OS for patients with HCC. It might be owing to our short follow-up time and small-cohort of HCC patients with a hepatitis B viruspositive background. Therefore, a large-cohort, multicenter, long-term study including HCC patients with different medical histories is needed to collect and validate the prognostic value of Lp(a) after resection, and this is currently being conducted in our laboratory. In addition, a comprehensive study of the mechanisms of the role of Lp(a) on HCC cells also needs to be investigated.
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